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IMlRODXi"IoN 
During drying there are two phases. The 
initial phase is called the constant-rate 
drying period and the second phase is called 
the falling-rate drying period. Theconstant- 
rate period is defined as that when the drying 
rate is constant. During this period, the 
heter in the material is transferred to the 
surface at a rate sufficient to replenish that 
removed by evaporation. The evaporation 
ptential for drying of an expwad surface of 
dredged material is controlled by the incident 
radiation, wind velocity, air temperature and 
humidity. Once the material dries 
sufficiently, the rate at which the water is 
transferred to the surface will not be adequate 
to replenish that removed by evaporation. This 
is the beginning of the falling-rate period of 
drying. During this pericd, the drying t-ate 
continuously decreases. Drying during the 
falling-rate period is at a rate determined by 
the material moisture diffusivity and 
thickness. 
Typical drying curves for moist solids are 
depicted schematically in Figures 1 and 2. The 
drying curve illustrated in Figure 1 shuJs the 
change in moisture content with reqpact to 
time, while that in Figure 2 shws the change 
in drying rate with respect to moisture 
amtent. The line between points A and B ill-- 
ustraws tha constant-rate drying period and 
that be-en Ioints R and C shcwi the fallinq- 
rate drying pericd. Point B is termed the 
critical moisture content and point C 
represents the eguilibrican moisture -tent, or 
that beyond which no further drying occurs. 
'Ihere are t-w g-tric cases for the drying of 
dredged material. These are referred to here 
as the semi-infinite and the thin layer cases. 
Tnase are differentiated by whether the surface 
of the layer reaches the eguilibrim moisture 
amtent before or after the extent of drying 
has penetrated to the bottan of the layer. The 
rroisture content profile for the semi-infinite 
case is illustrated in Fiqure 3, where region A 
isfortimesO<T<T regicn B for T 
<T. 
con ent profile for the thib layer case is p 
and region C fog=; > T. The n&!&Z 
illustrated in Figure 4, where region A is for 
times 0 ( T ( T , region B for T <T<T 
and region C for T > Tcr. 
cr' 
GGVEIWIt?ZEWATIoN 
The governing sguaticn for drying in the form 
presented by Gilliland and Sherwood (1) is 
(1) 
when the variables are defined as D = moisture 
diffusivity, square meters/hour: m = volunetric 
moisture ccntent, volute water/volu~ solids: z 
= material coordinate in direction n-1 to 
the surface, meters: t = time, hours. 
The length of the material expressed in 
material ccordinates is the thickness of the 
layer if it wars made up of the solid particles 
only with no void spaces, and is calculated as 
L = d/(l+mo), (2) 
where d = actual layer thickness, meters: L = 
&ickness in material coordinates, meters; m = 
initial moisture -tent, voluna water/vol%e 
solids. Eq. 1 may be written in ncodimensicnal 
form as 
an a2n 
---9 aT - az2 
where 
il = m/m0 , 
2 = z/L * 
T = tD/L2 . 
(4) 
(5) 
(6) 
Applying Leibnis' rule for intsgratico of a 
partial derivative yields 
’ an 1 
I, w d2 = & I, HdZ . 
Substituting Eg. 3 into Eg. 7 and psrfoming 
all operations yields 
an l 
z!() I = & _f; UdZ . 
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Applying the boundary condition that no 
noisturemy cross thebottanbansdary 
(9)._ 
yields the integ-ralmethcd qarerning equation 
an 
zz = I 2=0 - !$ ; UdZ . 0 
(10) 
SEMI-mJxNITE CASE 
~br a semi-infinite layer, drying during the 
constant-rate period proceeds until the 
misture content at the surface reaches the 
equilibrium moisture content. Once the 
rroisture content at the surface reaches the 
equilibrium moisture content, the material 
dries in the falling-rate period. Eventually, 
the extent of drying penetrates to a depth 
equal to the thickness of the layer. 
Iherefore, there are three separate phases that 
need to be described to rrndel the entire drying 
range for the seni-infinite case. 
The constant-rate drying period will be 
investigated first. The first step is to 
assume an equation form that describes the 
rroisture -tent profile, 
M = B. + Bl (Z/a) + B2 (Z/a)*, (11) 
for 2 < a; 
and 
M=l, 
for Z b a; 
(12) 
where, a = depth that drying extent has 
penetrated. In order to evaluate the 
parameters B, B , and B 
boundary ar%/o? initia 1 
in Eq. 11, three 
conditions are 
required. At a depth equal to the _psnetration 
distance, the moisture -tent is equal to the 
initial mDisture -tent, 
M(a,T) = 1 . (13) 
The moisture gradient at the penetration 
distance is equal to zero since no misture has 
yet crossed that plane, or 
an 
z I z=a = 
0 . (14) 
Since a diffusive type process is ass&, the 
nuisture gradient at the surface multiplied 
times the diffusivity is equal to the 
evaporation rate, 
EL 
=i$i 
(151 
where, E = evaporation rate, meters&W. In 
order to simplify the following equatims, a 
nxdimensi~aldrying parameter is defined as 
+=$. (16) 
Applying these toundary ccrditicns (Eqs. 13-15) 
results in solutions for the paramsters Bo, Al, 
andB inFq.11. 
11 yi&ds 
Substituting these into Eq. 
n=1- @a[; - cf, + ;@*I . (17) 
In order to evaluate the penetration distance 
with respect to time, a. 17 is substitute1 
into Fq. 10 and evaluated to yield 
a = (6~)~'~. (18) 
The time to the critical point, when the 
ccnstant-rate perid ads., may ba detetmined by 
evaluating Fq. 17 and18 atz = 0, F1=Me andT 
=T cr' Or 
T 
cr = $$)2(1-He)2 
(19) 
where, t-4 
,mint in 
e;co, and Tcr = time to critical 
In order to determine the total rroisture 
content of a layer follwing constant-rate 
drying, the moisture content profile is 
integrated over the desired depth, yielding 
fj= 1 - I@)[1 - (I> + ;(:)21 , 
(20) 
for Z ( a: 
ii= 1 - 4(f) # 
foraczcl; 
(21) 
and 
H=l-@. 
for the entire depth. 
(22) 
To determine the expression for falling-rate 
drying, new boundary and/or initial conditims 
are needed. At the end of the -tax-rata 
peri&, the surface has reached its limiting 
dryness and is equal to the equilibrium 
rroisture antent, 
il(O,T) = Me . (23) 
me other tw boundary mnditions, which are 
the same as for the constant-rate period, are 
?l(a,T) = 1 (13) 
and 
g =o. I Z=a (14) 
*lying these boundary oxditias (Eqs. 13, 14 
and 23) to Eq. 11 yields solutions for the 
parameters B,, Bl, and B2. 
Substituting these into Eq. 11 yields 
n = na + 2(l-Me)[@ - ;cy1 . (24) 
In order to evaluate the penetraticrr distance 
with respect to time, Fq. 24 is substituted 
into 4. 10 and evaluated to yield 
P = [6(2~ - ,cr)]1'2 . 
l%e total mistwe content to selected depths 
may bs determined by integrating EQ. 25 over 
the desired depth, which gives 
for Z < a; 
H= l- 5 (l-n&) t 
foraczcl: 
(26) 
(27) 
5th Im 
and 
ii= l- 4 (l-!le)s , (28) 
for the entire depth. 
'lb determine the expression for falling-rate 
drying follcwing ths tima vjhen the psnetratian 
distance reaches the total depth, the profile 
equation is modified by replacing the 
penetration distance with the depth of the 
Wer, 
M = B. + BIZ + B2Z2 . (29) 
Anewsetofboundary cmditions are used. me 
moisture gradient at the tottun of the layer is 
equal to zero since no moisture may be 
transferred across the luttcm. 
an 
zz .&l = O . I 
(9) 
The moisture content at the surface is equal to 
tie equilibria moisture content, 
M(O,T) = Me. (23) 
These two boundary conditions are used to 
cbtain expressions for tko of the parameters, 
B and B . These are substituted into 0q. 
4?29, whi&h is then substitute2 into q. 10, 
which is evaluated to yield a solution for the 
third paramater, B2. NC% an initial condition, 
that the solution up until the time when the 
penetration distance equalled the depth of the 
layer is equal to the solution just after the 
penetration distance equalled ths depth of the 
layer. is used. Substituting these parameters 
and the initial o~rlitlon iexo FVQ. 29 yields 
n = 0, + 2(1-ne)(Z - $z2) exp [-3(T-~h)] (30) 
wfiere 
The total moisture content to a given depth is 
determined by integrating Eq. 30 over rhe 
appropriate depth, 
R= He + Cl-He)(Z - $Z2) exp [-3(T-Tb)l , D2) 
for z ( 1: 
and 
Fi = he + f (l-M=) eXp [-3(T-Tb)l . (33) 
for the entire depth. 
'IWIN LAYER CASE 
For a thin layer, drying during the first 
portion of the constant-rate period proceeds 
until the penetration distance equals the 
depth. The surface layer moisture cxotent has 
not yet reached the equilibrium moisture 
content. Tne constant-rate period continues 
with the moisture content profile decreasing 
until the surface layer reaches the equilibriun 
rmisture content. This is the beginning of the 
falling-rate period. Drying during the 
falling-rate ,nericd proceeds with the surface 
moisture content equal to the equilibrium 
rmisture content and the remainder of the 
profile decreasing in water content as a 
functionoftise. lherefore, it is evident 
that for the thin layer case there are three 
separatephases thatwill need tobsacdeled. 
me solutia to the moisture ontmt profile 
during the initial lxxticn of the ccnstant-rate 
psricd is the same as that developed for the 
constant-rate period for the semi-infinite 
case, or 
n = 1 - &¶[’ 
2 - (iI + ;(fPl . (17) 
This solution is cnly suitable thrcugh time Tf, 
with 
Tf = 1/a . (34) 
AttimeT, 
& 
the penetration distance is equal 
to the de of the layer. 
lb determine the expression for the remainder 
of the constant-rate period follcxving the time 
when the panetraticm distance reaches the total 
depth, the profile equation is mcdified by 
replacing the penetration distance with the 
depth of the layer, or 
M = E. + BlZ + B Z2. 
2 
A new set of boundary conditions are used. No 
rroisture is transferred across the bottan of 
the layer, or 
an 
zz Z=l = O * I 
(9) 
The moisture gradient at the surfaos multiplied 
times the diffusivity is equal 
evaporation rate, 
These two boundary conditions are . _, _. 
to‘ the 
(15) 
used to 
00tau-1 expressxns for two of the parameters, 
232 9’ These are substituted into EQ. 29 then substituted into 4. 10, and 
evaluated to yield a solution to the third 
parameter, B . me initial conditi:YI, rhat the 
solution up 8ntil the time when the penetration 
distance is equal to the depth of the layer is 
equal to the solution just after the 
penetration depth equalled the depth of the 
layer, isused. Substituting these paremeters 
into Fq. 29 yields 
M= 
DRYIRG OF VERY MOIST SOIL 347 
and 
R= I- OT . (38) 
: 
for2=1. 
The critical moisture ccntent ney be determined 
by substituting g. 36 into &I. 38 to yield 
%i 
=ne+;O. 
(39) 
lb determine the expression for falling-rate 
drying, new boundary and/or initial conditions 
are needed. At the end of the ccnstant-rate 
:xricd, the surface has reached its limiting 
dryness and is equal to the equilibrium 
moisture content 
H(O,T) = He . (23) 
No moisture is transferred across the bottan of 
the layer, or 
an z =o. 
I z=1 
(9) 
These two boundary conditions are used to 
dxain expressicns for tw of the parameters, 
B andB. 
&ich it 
These are substituted into IQ. 29, 
substituted into Eq. 10 and then 
solved to yield an expression for the third 
parameter, B2. b'the initial ccndition, that 
the solution up until the critical point is 
equal to the solution just following the 
critical point, is used. Substituting these 
parameters into Eq. 29 yields 
n = 14, + o(z - ; z2) txp [-3(T-T_)] . t40) 
The total lroisture -tent to selected depths 
is determined by integrating Bq. 30 over the 
appropriate depths, 
ii = Me + +(!j 2 - i 2*) exp I-3(T-T,,)] ., (41) 
for0<2<1: 
and 
ii = Me + i 4 exp [-3(T-T&l . (42) 
forz=1. 
The maximum thickness of a layer that is 
considered to be thin can be obtained by 
substituting Eq. 36 into YQ. 18 (a = 1 at T = 
T ) and solving for the critical layer 
tf&kness yielding 
L = 2(m$)(l-ne) (43) cr 
where L = maximum layer thickness to be 
classif& as a thin layer, meters. 
Ihe ratio of the actual layer thickness to the 
critical thickness is 
L 
-=$cp(&. L 
(44) 
ET 
In most applications, the value (141 ) is equal 
to one, so the ncn-dimensicnaldryd parameter 
O =EL moD ' (45) 
may be defined, where values of $ less than 2.0 
represent thin layers, and values of $ greater 
than 2.0 represent thick layers. 
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Figure 1. Typical bioisture Content Versus Time 
Curve 
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Figure 2. Typical Drying Rate Versus Moisture 
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Figure 3. Moisture Content Profile for the Semi- 
Infinite Case 
SURFACE SOlTOM 
!G' 
E 
A 
8 s 
W 
5 
z Ezl C p+_---___- 0 
0 DEPTH 1 
Figure 4. Moisture Content Profile for the Thin 
Layer Case 
